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Background: Total knee arthroplasty (TKA) is most commonly used for
end-stage knee osteoarthritis (OA). TKA procedures are expected to
number over 3 million by 2030 in the United States alone. Although TKA
is generally successful at reducing pain and improving quality of life
after surgery, several studies on the long-term effects of TKA on the
biomechanics of the operated knee have shown poor gait patterns
postoperatively. Most of these abnormalities have been found in the
sagittal plane. Speciﬁcally, there is limited knee ﬂexion-extension range
of motion postoperatively as well as poor ﬂexion-extension moments.
Studies have related these ﬁndings to “stiff knee” muscle activation
patterns due to habits developed preoperatively, as well as proprio-
ceptive deﬁciency, instability and quadriceps weakness leading to
a “quadriceps avoidance gait”.
There is, however, a lack of information on the early postoperative
sagittal plane biomechanics after TKA, as well as adequate comparisons
to gait patterns preoperatively. The present study was designed to
examine the early biomechanical TKA outcomes in the sagittal plane of
the knee to determine if they reﬂect patterns before surgery or change
signiﬁcantly after surgery. Furthermore, outcomes were examined
across different knee prosthetics to determine if differences exist
between knee designs.
Methods: Fifty patients were examined before and two months after
TKA. Patients underwent a 3D gait analysis using the Vicon Motion
Analysis system (Oxford Metrics Ltd., Oxford, UK) and completed the
VAS scale for pain. Knee prosthetics included either PCL-retaining or
PCL sacriﬁcing, and custom ﬁt design or not.
Results: Results are presented in Table 1. Although pain showed
a signiﬁcant decrease of 21% postoperatively (p<0.001), knee ﬂexion-
extension range of motion decreased signiﬁcantly by 22% (p<0.001).
Knee ﬂexion angle and moment did not change signiﬁcantly post-
operatively (p¼0.231 and 0.169, respectively) (Figure 1 & 2). Knee
extension angle, moment and impulse were signiﬁcantly worse post-
operatively than preoperatively (all p<0.01), and extension impulse
showed a signiﬁcant positive correlation of 0.4 with BMI (p<0.05)
(Figure 1 & 2). Spatiotemporal parameters did not show signiﬁcant
changes after surgery. Gait differences were not found between pros-
thetic types, age or BMI, but female patients had greater knee extension
postoperatively than males.
Conclusions: Knee biomechanics in the sagittal plane worsen signiﬁ-
cantly in the early postoperative period after TKA. These changes are
consistent across different TKA prosthetic designs. When considering
long-term postoperative studies, these results suggest that the knee
biomechanics of gait in the sagittal plane will improve with time, but
they will not reach the levels of function of healthy individuals.
Although postoperative training usually involves muscle strengthening
and ﬂexion-extension exercise, there may be a need to apply these
exercise in a dynamic, walking form. This may help improve early and
even long-term gait patterns postoperatively.Knee Biomechanics in the Sagittal Plane Before and After Total Knee Arthroplasty




Visual Analog Scale for Pain 7.22.0 5.72.0 P<0.001**
Kinematic Parameters
Peak Flexion Angle in Stance (deg.) 10.27.3 12.26.4 P¼0.071
Peak Extension Angle in Stance (deg.) 4.56.7 7.96.3 P¼0.005**
Peak Flexion Angle in Swing (deg.) 47.310.6 41.29.0 P¼0.001**
Range of motion (deg) 42.910.3 33.48.7 P<0.001**
Kinetic Parameters
Peak Flexion Moment (%BW*Ht) 1.41.1 1.61.3 P¼0.231
Flexion Impulse 28.726.3 35.431.5 P¼0.169
Peak Extension Moment (%BW*Ht) -1.01.3 -0.320.89 P<0.001**
Extension Impulse -25.631.3 -11.319.8 P<0.001**152
DOES A REDUCTION IN KNEE LOADING CONSTITUTE A REDUCTION
IN PAIN WHEN WEARING LATERAL WEDGE INSOLES?
R.K. Jones y, G.J. Chapman y, M.J. Parkes z, L.M. Forsythe z,
D.T. Felson z. yUniv. of Salford, Salford, United Kingdom; zUniv. of
Manchester, Manchester, United Kingdom
Purpose: Previous research has shown that lateral wedge insoles
reduce the external knee adduction moment (EKAM) during gait and
stair ascent and descent. However, recent randomised trials have failed
to ﬁnd a reduction in knee pain with the use of lateral wedge insoles.
Around 30% of individuals have an increase (biomechanical non-
responder) in their EKAM with lateral wedge insoles, which suggests
that if biomechanical responders and non-responders are looked at
separately, a potential relationship between EKAM and pain reduction
may be seen. Therefore, the hypotheses of this paper were to determine
whether lateral wedge insoles produce an immediate pain reduction
during walking and secondly; if a change in EKAM has any relationship
with this immediate change in pain when wearing lateral wedge
insoles.
Methods: We studied participants with painful medial knee OA who
noted pain on walking. In a one day study, they all tried three treat-
ments with the order of the treatments randomised, two different
lateral wedge insoles and a control shoe. The major difference between
the lateral wedge insoles (Boston and Salford) is one has a medial arch
support (Salford). During trials, lateral wedge insoles were inserted into
the control shoes and were worn bilaterally. During each treatment,
participants underwent a 3D kinematic (Qualysis OQUS, Sweden) and
kinetic (AMTI, USA) analysis. As they completed each treatment,
participants were asked to compare the knee pain experienced while
walking to pain whenwearing their own shoes and were asked to score
this pain on a 5-point Likert scale scored from much worse to much
better than their own shoes. We classiﬁed participants as biomechan-
ical responders; if participants had a decreased EKAM wearing both
lateral wedge conditions (compared to the control shoe). Biomechanical
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both lateral wedges compared to the control shoe. Difference in pain
compared to the control shoe was assessed using a Wilcoxon sign rank
test; change in EKAM was assessed using 95% CIs constructed around
the mean EKAM change. Finally, Spearman's rank correlation was used
to assess if the change in the pain rankings related to the change in
EKAM.
Results: We studied 70 participants (43 male, 27 female). Overall
(N¼70), pain was reduced when using both types of lateral wedge
insole (Wedge Average z ¼ -3.63, p <0.001; Boston z ¼ -2.24; p¼ 0.03;
Salford z ¼ -4.32; p <0.001) in comparison to the control shoe. EKAM
also reduced when using a lateral wedge insole in comparison to the
control shoe. Participants’ biomechanical response to wearing both
types of lateral wedge insoles varied considerably with 20% (n¼14) of
participants demonstrating an increase in EKAM (median change in
EKAM 0.028Nm/kg; IQR 0.011Nm/kg to 0.047Nm/kg) and 54% (n¼38)
demonstrating a decrease in EKAM (median change in EKAM
-0.044Nm/kg; IQR -0.063Nm/kg to -0.025Nm/kg). The remainder had
inconsistent EKAM responses to the wedges.We found no signiﬁcant
relationship between reduction in EKAM and reduction in pain in
wedges (R ¼ -0.14; 95% CI -0.36 to 0.10), or for either wedge separately
(Boston R ¼ -0.013; 95% -0.25 to 0.22); Salford R ¼ -0.21; 95% CI -0.43 to
0.03). Similarly, pain reduction did not differ between responders and
non-responders, again either for the wedges on average (N ¼ 52, z ¼
0.39 for difference between responders and non-responders, p ¼ 0.69),
for the Boston (N ¼ 52, z ¼ -0.36, p ¼ 0.72), or the Salford wedge (N ¼
52, z ¼ -0.11, p ¼ 0.92).
Conclusions: Our ﬁndings demonstrate that the degree of reduction in
EKAM using lateral wedge insole does not correlate at all with imme-
diate pain reduction with use of these insoles. Even those who have
substantial reductions in EKAM when using the insole do not experi-
ence any more pain reduction than those without any EKAM reduction.
This suggests that modestly reducing the EKAM may not reduce knee
pain in persons with knee OA when assessed immediately after
prescription.Figure 1. The associations between normalized peak power generation during the
standing phase of a sit-to-stand task (STS) and the normalized peak power generated
by the knee extensor during isokinetic (A; 60, 90, and 120 deg/s) and isotonic (B; 20,
30, and 40% equivalent inertial body mass) contractions.153
ASSOCIATIONS BETWEEN KNEE EXTENSOR POWER GENERATION
AND USE
A.R. Marmon, L. Snyder-Mackler. Univ. of Delaware, Newark, DE, USA
Impairments in functional ability are associated with quadriceps weak-
ness in patients who undergo total knee arthroplasty (TKA). We exam-
ined the association between dynamic quadriceps strength capacity
(maximal knee extensor power) and knee extensor power generated
during a functional task to further understand the relation between
quadriceps strength and its role in performing routine daily activities.
Purpose: The purpose of this investigation was to evaluate the rela-
tionship between peak knee extensor power generated with the
surgical limb when rising from a chair and the maximal knee extensor
power during isokinetic and isotonic tests.
Methods: Twenty patients (women¼8; men¼ 12; 67.5  9.1 yrs) were
tested 6 months after undergoing unilateral TKA. Subjects participated
in 3 dimensional motion analysis of a sit-to-stand task. Start position
was standardized by adjusting the seat height and foot position so knee
and foot angles were symmetrical Peak knee extension power, knee
joint angles at peak power, and knee joint angular velocity at peak
power were determined. Subjects also completed a muscle power
assessment on an electromechanical dynamometer, including isokinetic
trials at three velocities (60, 90, and 120 deg/s) and isotonic trials using
3 body mass equivalent resistances (20, 30, 40% total body mass).
Results: The associations between peak knee extensor power generated
during the standing phase of a sit-to-stand task and the peak power
produced during isokinetic (60 deg/s r2¼ 0.336; 90 deg/s r2¼ 0.265; 120
deg/s r2¼ 0.305; p<0.05 for all three velocities) and isotonic (20% r2¼
0.185; 30% r2¼ 0.322; 40% r2¼ 0.445; p<0.05 for 30 and 40 pct loads)
contractions were ﬁt by positive linear regression (Figure 1). The
average knee extensor velocity when peak power generation occurred
during standing was 85.6  17.6 deg/s. The average knee joint angle at
this time point was 57.2  5.8 degrees of knee ﬂexion. For comparison,
the association between peak power generated when standing and
static knee extensor strength (maximal voluntary isometric contrac-
tion) was r2¼0.328; p¼0.016.
Conclusions: Peak power generated when rising from a chair was
positively related to the peak power produced during both isokineticand isotonic knee extensor contractions, such that those individuals
who generated greater power with the surgical limb when standing
from a chair also exhibited greater peak power generating ability. The
relations between power generation during standing and dynamic
measures of strength are comparable to that of static measures. The
strongest relationship between peak power during standing and knee
extensor strength was observed with the isotonic contractions with the
40% body mass resistance. These ﬁndings suggest that measures of
dynamic strengthmay provide important insight to clinicians regarding
the role and importance of the knee extensors in performing daily
activities, such as rising from a chair.154
ASSESSMENT OF THE EFFECT OF AN OFF-THE-SHELF REALIGNING
BRACE ON TIBIOFEMORAL CONTACT STRESS
N.A. Segal, T.J. Stockman, A. Kern, C. Findlay, L. Kang, T.E. Baer,
D.D. Anderson. Univ. of Iowa, Iowa City, IA, USA
Purpose: Elevated regional tibiofemoral contact stress has been found
to predict subsequent development of symptomatic and progressive
knee osteoarthritis (OA), as well as worsening of bone marrow lesions,
cartilage morphology and pain. The purpose of this study was to
determine the degree towhich focally elevated knee joint contact stress
can be reduced by using a brace to ofﬂoad the area of the joint at
greatest risk for worsening, testing the hypothesis that non-invasive
estimates of mean and maximum articular surface contact stress are
lower in the tibiofemoral compartment affected by OA when wearing
the brace than when not wearing the brace.
Methods: Fifteen volunteers with unicompartmental tibiofemoral OA
underwent weight bearing radiographic imaging (EOS Imaging) with
